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Abstract

Objective: To quantitatively evaluate the anterior segment using anterior segment optical coherence tomography (AS-OCT)
following Boston keratoprosthesis type 1.

Methods: A retrospective study consisted of AS-OCT imaging at a single time point postoperatively in 52 eyes. Main
outcomes measures include anatomical and functional anterior chamber depth (ACD), angle (ACA) and peripheral and
proximal synechiae.

Results: The mean time point of imaging was 19.3 months postoperatively. Average anatomical and functional ACD was 2.0
and 0.21 mm respectively, and mean ACA ranged from 2.5° to 6.14° in representative meridians. An average of 8.7 clock
hours of angle closure was observed in the 25 eyes in which all meridians were imaged. The majority of eyes showed
peripheral (86.5%) and proximal (67.3%) synechiae.

Conclusions: AS-OCT is a useful tool for quantitative evaluation of anterior segment and angle after keratoprosthesis, which
is otherwise poorly visible. The majority of eyes showed shallow ACD, extensive angle closure and synechiae formation.
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Introduction

The Boston keratoprosthesis (KPro) type 1 is an increasingly
well-accepted surgical intervention for patients with severe corneal
and ocular surface disease who are poor candidates for traditional
penetrating keratoplasty (PKP). The KPro device consists of a
separate front part and back plate (made of polymethyl
methacrylate or titanium) that sandwiches a donor carrier corneal
graft. [1] The central embedded stem provides an optically clear
visual axis. The assembled KPro device is then sutured into place
in the same method as a standard corneal transplant. Modifica-
tions made to the device design and improvements in postoper-
ative management have led to better retention rates and reduced
serious complications, leading to an increased number of KPro
procedures performed in the United States and worldwide. [2].

However, visualization of the implanted Boston KPro, anterior
segment and angle using conventional clinical examination
techniques is limited; consequently, the interaction of KPro with
surrounding anterior segment structures is not well understood.
Anterior segment imaging including ultrasound biomicroscopy
(UBM) and anterior segment optical coherence tomography (AS-
OCT) has improved the evaluation of otherwise poorly visualized
anterior chamber structures behind opacified corneas and
implanted KPros. [3,4] UBM uses 35-50 MHz of high-frequency
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ultrasound waves to obtain images that can identify the anatomical
characteristics of the anterior chamber and angle. [5] It has been
used successfully for the preoperative evaluation of candidates for
KPro. [6] However, this technique is considered a contact
technique because it requires immersion (water bath) or contact
of the eye with a plastic balloon and needs a highly trained
examiner. [7] Furthermore, imaging of the implanted KPro by
UBM is limited because the prosthesis material causes artifacts
impairing the visualization of anterior segment anatomical details.
In comparison, AS-OCT allows noninvasive, noncontact, high-
resolution cross-sectional imaging of the anterior segment. [8]
Infrared (1310 nm) radiation is used to provide real-time images
and allows for qualitative and quantitative assessments of the
anterior chamber and angle structures.

Garcia et al. [3] compared these imaging modalities in two eyes
with implanted KPro and found that AS-OC'T was superior to
UBM. They demonstrated that AS-OCT exhibited high-resolu-
tion images of the KPro device in vivo, including visualization of
the anterior chamber, iris and angle, whereas UBM generated a
poorer quality image of the implanted KPro device. Subsequently
a few published case series have reported on AS-OCT imaging
and Boston KPro, but the majority have focused on the donor-
device interface. [9,10,11,12] Recently, Panarelli et al. qualita-
tively evaluated the angle status at the horizontal meridian in a
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Figure 1. Boston keratoprosthesis and open and closed angles on AS-OCT imaging. A, Slit-lamp photograph of implanted secondary KPro
for multiple graft failure. Note that details of iris behavior and angle cannot be visualized clinically. B, Horizontal AS-OCT of the same eye with irido-
corneal adhesion and closed angle. C, Slit-lamp photo of another eye with implanted primary KPro for gelatinous drop like dystrophy. Note again that
details of the angle cannot be visualized and appears clinically identical to eye in part A. D, Horizontal AS-OCT of eye in part C with open angle.

CO=donor cornea.
doi:10.1371/journal.pone.0070673.g001

small case series. [13] However, to our knowledge, no previously
published studies have used AS-OCT to quantitatively evaluate
the anterior segment and angle following KPro implantation.
Thus, the purpose of our study is to use AS-OCT to quantitatively
evaluate iris characteristics and angle following implantation of
Boston KPro in a larger case series.

Methods

Ethics Statement

Approval from the Institutional Review Board at the University
of Illinois at Chicago was obtained. Exemption and waiver for
HIPAA authorization and written consent were granted as
retrospective collection of existing data met regulatory require-
ments. All clinical investigation was conducted according to the
principles expressed in the Declaration of Helsinki.

A retrospective case series was conducted on 52 eyes of 49
patients who had implantation of primary (no prior history of a
penetrating corneal procedure) or secondary Boston type 1
keratoprosthesis by two surgeons (MSC and JDC) at a single
tertiary care institution between 2007-2011. Patients under the
age of 18 years were excluded from the study. Standard surgical
technique was used for all patients with a preference to implant
7 mm polymethylmethacrylate (PMMA) backplates, although
8.5 mm diameter PMMA backplates were also used.

All patients underwent AS-OCT imaging postoperatively at a
single time point (Visante Omni, Carl Zeiss Meditec, Germany).
Details of AS-OCT technology have been described previously.
[8,14] All images were acquired in standard light conditions using
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the anterior segment single, dual and/or quad scan protocol by
two examiners (MSC, NA), usually without removal of the
bandage contact lens. All eyes were scanned in the horizontal
meridian (0° and 180°). Some eyes had additional scans in the
vertical meridian (90° and 270°) and the oblique meridians (135°
and 315°, 45° and 225°).

The cross sectional AS-OCT images with the best quality and/
or greatest number of meridians scanned at a single time point
were further analyzed using software provided by the manufac-
turer. This included evaluation of the anterior chamber angle
(ACA) at the above specified meridians. In addition, the total
number of clock hours of open, narrow or closed angle was
recorded. A closed ACA on AS-OCT was defined as contact
between the peripheral iris and angle wall anterior to the scleral
spur (<1°). We defined an open angle as greater than 10° and a
narrow angle between 1° and equal to or less than 10° on AS-
OCT measurements. The anatomical anterior chamber depth
(ACD; distance between the back of donor graft to the anterior iris
plane) adjacent to the KPro front plate periphery and the
functional ACD (distance between the posterior edge of the back
plate and the anterior iris plane) were measured. The presence of
proximal synechiae to the back plate (iris-back plate touch) and
peripheral anterior synechiae (PAS) were recorded and the
number of clock hours of involvement was measured. These
anterior segment parameters were assessed for each meridian.

The difference in the anterior chamber parameters between
primary and secondary KPros was tested using the two-tailed
Student’s #test for unpaired samples. All results were considered
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Table 1. Mean Anterior Chamber Angle Measurements using Anterior Segment Optical Coherence Tomography in Eyes with

AS-OCT Scan Direction

0° 45° 90° 135° 180° 225° 270° 315°
Primary KPro (n=20) 6.72° 8.05° 11.47° 7.99° 8.89° 5.52° 4.21° 2.81°
(n=20) (n=15) (n=13) (n=15) (n=20) (n=15) (n=11) (n=14)
Secondary KPro (n=32) 3.53° 1.65° 2.29° 2.80° 2.23° 2.74° 1.69° 247°
(n=32) (n=19) (n=18) (n=21) (n=32) (n=25) (n=23) (n=23)
P value (Primary vs. Secondary) 0.235 *0.015 *0.009 0.066 *0.014 0.232 0.242 0.872
All KPro (n=52) 4.76° 4.48° 6.14° 4.96° 4.79° 3.83° 2.50° 2.61°
(n=52) (n=34) (n=31) (n=36) (n=52) (n=40) (n=34) (n=37)

KPro = keratoprosthesis; Asterisk* denotes statistical significance (p<<0.05).
doi:10.1371/journal.pone.0070673.t001

statistically significant when the p-value was less than 0.05.
Microsoft Excel (Redmond, WA) was used for statistical analysis.

Results

The series constituted 52 eyes with implanted Boston type
1 KPro. There were a total of 49 patients of whom 33 were male
and the mean age at time of surgery was 56.5 years (range 26-83
years). There were 80.8% (42/52 eyes) aphakic and 19.2% (10/52
eyes) pseudophakic, and 38.5% (20/52 eyes) primary and 61.5%
(32752 eyes) secondary KPros implanted. For the primary KPros,
16 (80%) eyes had 7.0 mm and 4 (20%) eyes had 8.5 mm diameter
back plates implanted. For the secondary KPros, 24 (75%) eyes
had 7.0 mm and 8 (25%) eyes had 8.5 mm diameter back plates
implanted. Preoperative diagnoses included graft failure (61.5%),
chemical burns (13.5%), aniridia (13.5%) and Stevens-Johnson
syndrome (5.8%). The mean single postoperative time point of AS-
OCT imaging was 18.7 months for primary KPro, 19.6 months
for secondary KPro and 19.3 months (range 0.13 to 59.13 months)
for all eyes.

AS-OCT adequately imaged the implanted KPro, anterior
chamber depth and angle (Figure 1). The average anatomical
ACD was 2.0 mm (range 1.49-2.57 mm) and functional ACD was

PAS + closed angle

Figure 2. AS-OCT of implanted Boston keratoprosthesis with
proximal and peripheral synechiae. Oblique AS-OCT image with
iris-backplate touch, peripheral anterior synechiae and closed anterior
chamber angle. CO = donor graft; PCIOL = posterior chamber intraocular
lens; PAS = peripheral anterior synechiae.
doi:10.1371/journal.pone.0070673.g002
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0.2]1 mm (range 0-1.69 mm) for all eyes. There were no
significant differences in anatomical or functional ACD between
primary and secondary, aphakic and pseudophakic, and the
7.0 mm and 8.5 mm back plate KPros.

The mean anterior chamber angle for all eyes was 4.76° (range
0 to 40.9°) and 4.79° (range O to 34.4°) at the 0° and 180°
meridians, respectively. However, 73.1% (38/52 eyes) of all eyes
had closed angles (<1°) at the 0° and 180° meridians. In those eyes
in whom additional meridians were scanned, the mean ACA in the
other measured meridians (45°, 90°, 135°, 225°, 270° and 315°)
ranged from 2.5° to 6.14° (Table 1). There was a trend for
secondary KPros to have decreased ACA compared with primary
KPros and this difference was statistically significant in 3 measured
meridians (45°, 90°, 180°). In the 25 (48.1%) eyes with all
representative meridians imaged, there was an average of 8.7 clock
hours of closed angle, 1.5 clock hours of shallow angle and 1.8
clock hours of open angle. This represented an average of 269
degrees of angle closure and 72.3% of the total angle was closed.

Peripheral anterior synechiae was seen in forty-five (86.5%) eyes
with a mean of 6.5 clock hours of iris adhesion, often developing in
the same meridians of angle closure (Table 2). In addition, 35
(67.3%) eyes showed evidence of iris-back plate touch with a mean
of 6.1 clock hours of proximal adhesion to the back plate (Figure 2).
The rates of both peripheral and proximal synechiae development
were similar for primary and secondary KPros, although there was
a statistically significant greater extent (number of clock hours) of
synechiae formation in secondary KPros.

There were a small number of patients with aniridia (7 eyes)
included in the study. For all these patients, a small stump of iris
was present which allowed for analysis of the angle and evaluation
of synechiae formation. When analyzed separately, there were no
significant differences in ACD, ACA or synechiae formation
compared to the non-aniridic group. However our sample size of
aniridic patients may be too small for meaningful analysis.

Discussion

AS-OCT offers an important imaging modality for evaluating
anterior segment anatomy after KPro implantation, which has
been well documented by previously published case series.
[3,11,13] However, to our knowledge, this is the first paper to
employ AS-OCT to quantitatively evaluate the anterior chamber
depth, angle status and incidence of synechiae formation after
KPro implantation. This is important because the KPro optic does
not allow gonioscopic visualization of the anterior chamber angle.
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Table 2. Peripheral and Proximal Iris Synechiae Measured by Anterior Segment Optical Coherence Tomography in Eyes with

Peripheral Synechiae

Iris-Backplate Touch

No. of eyes (%) Mean clock hours No. of eyes (%) Mean clock hours
Primary KPro (n=20) 17 (85%) 49 14 (70%) 4.7
Secondary KPro (n=32) 28 (87.5%) 7.4 21 (65.6%) 7.0
P value (Primary vs. Secondary) *0.031 *0.037
All KPro (n=52) 45 (86.5%) 6.5 35 (67.3%) 6.1

doi:10.1371/journal.pone.0070673.t002

In this current study, the majority of eyes had shallow anatomic
and functional anterior chamber depths, with 82.7% of eyes
exhibiting a completely flat effective (functional) anterior chamber.
The majority (90.4%) of eyes showed angle closure in at least one
meridian and in the 25 (48.1%) eyes with all representative
meridians imaged, 73.4% (8.7 clock hours) of the angle was
completely closed. Corresponding to the areas of angle closure,
extensive PAS and iris-back plate touch were also observed. These
findings may reflect previous synechial angle closure or may be a
result of crowding of the anterior segment by the KPro back plate,
which is placed in close position to the iris and in turn may
compromise the angle. Because of this, we routinely use pediatric
size back plates (7 mm) and prefer aphakic KPros in the majority
of our patients. There was a trend toward increased ACA with the
smaller size back plates, however the rates of synechiae
involvement and anterior chamber depths were similar. As the
present study had a disparate size of each group (13 eyes with the
8.5 mm and 39 eyes with the 7.0 mm back plate), further studies
are needed to evaluate if there is a true effect of back plate size and
angle closure.

Interestingly, there was a trend of decreased ACA in secondary
KPro compared with primary implantation. The difference in
anterior chamber angle was statistically significant in only 3 of the
8 imaged meridians; however, larger studies are needed to
investigate whether this difference is significant. In addition,
although the percentage of eyes with presence of peripheral and
proximal synechiae were similar between both groups, the extent
of involvement by synechial formation was significantly greater in
secondary KPros. Previous studies have demonstrated PAS
formation and secondary angle closure after PKP. [15,16,17,18]
It is hypothesized that this may be an important mechanism for
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intraocular pressure elevation and glaucoma post-PKP. We
suspect that a certain extent of synechial angle closure is present
in eyes with multiple graft failure and this may account for the
greater degree of synechiae and angle closure in secondary KPros.

Importantly, these changes in the angle may have significant
clinical implications, as angle closure may be one of the causative
factors in glaucoma associated with KPro. Our results support that
most patients have evidence of angle closure, however these
changes may reflect pre-existing synechial angle closure. Further
studies with preoperative imaging and serial postoperative imaging
are needed to confirm whether these anatomical changes are
induced by KPro implantation or were present previously.

In conclusion, AS-OCT is a valuable and noninvasive imaging
tool that may be successfully employed to quantitatively evaluate
the anterior chamber, angle status and presence of synechiae
following KPro implantation. In our study, the majority of eyes
were found to have shallow ACD, extensive angle closure and
synechiae formation. AS-OCT offers an important clinical
perspective in understanding anterior segment dynamics and
may be used as a tool to monitor angle closure following KPro
implantation.
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